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MAPRadMAPRad  srlsrl
MAPRad

 
s.r.l. is

 
a recently

 
founded

 
company working on the field

 
of Space and 

high-reliability
 

electronics design and qualification. 

Although
 

the company has
 

a recent
 

foundation
 

date, it
 

is
 

based
 

on the experience
 of more than

 
years

 
of work in scientific

 
space projects

 
of highly

 
qualified

 electronics and mechanical
 

engineers
 

and experimental
 

high energy
 

physicists. 
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ServicesServices

•Space Radiation Environment evaluation

• Radiation Damage Tests and CAD

 

Modeling

•Electronic and Mechanical devices

 

qualification                         (Standard Testing 
Methods ESA, MIL, JEDEC) 

•New Concept Radiation Detector Development

•Electronic Design and Consulting

•Electronic Part Selection & Procurement

•Training and Formation

ESA Small and Medium Enterprise (ESABD 13331) 
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RadiationRadiation
 

EnvironmentEnvironment
 

SimulationSimulation
 

(1)(1)

•

 

Particle

 

fluxes

 

simulated

 

using

 

SPENVIS,  CREME96, AF-GEOSPACE
•

 

Effects

 

on devices

 

simulated

 

using

 

GEANT4, GRAS, FLUKA
•

 

By simulating both diffuse and location dependent contributions (like Particles 
Trapped by Geomagnetic field) we are able to estimate  the effects on average  
and in the Worst Case Scenario.
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RadiationRadiation
 

EnvironmentEnvironment
 

SimulationSimulation
 (2)(2)

•

 

Evaluation

 

of Background Count

 

Rates

 

for

 

the ASIM Experiment

 
http://www.dsri.dk/atmosphere/asim/

GEANT4 simulation of MXGS, ASIM's main detector.
Cosmic and Trapped Particle fluxes are studied, also taking into account:
Flux alteration due to ASIM ancillary detectors  
Flux alteration due to ISS Modulus Columbus where the experiment will be attached,
Experiment materials activation and subsequent decay.
Daily modulation of fluxes along the orbit

http://www.dsri.dk/atmosphere/asim/
http://www.dsri.dk/atmosphere/asim/
http://www.dsri.dk/
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RadiationRadiation
 

EnvironmentEnvironment
 

SimulationSimulation
 

(3)(3)

Particle Type 
 

Total 
Backgr
ound 
(part/(c
m2.s)) 

Trapped  protons 5,8 
Trapped protons 
excluding SAA 0,06 
Trapped electrons 7400,0 
Trapped electrons 
excluding SAA 0,5 
Solar Protons 0,12 
Atmospheric 
Gamma-ray 1,5 
GCR Protons 0,26 
GCR He 0,043 
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RadiationRadiation
 

EnvironmentEnvironment
 SimulationSimulation

 
(4)(4)
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Single Event Effects Tests at Single Event Effects Tests at 
AcceleratorsAccelerators

SEE Test: Cyclotron at LNS (Catania), of  Italian 
National Institute for Nuclear Physics (INFN). 

The LNS Cyclotron
 

has 15 
to 48 MHz RF system; 

the ion energies range is 
between 8 and 100 A MeV

 
in 

harmonic mode h=2. The 
expected maximum energies of 
the machine are of 20 
MeV/amu for the heaviest ions, 
like 238U38+

 

, and 100 MeV/n for 
fully stripped light ions
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LNS LNS BeamsBeams  UsedUsed  forfor  RH RH 
QualificationQualification  TestsTests

•
 

For
 

SEE test Gaseous
 

Beams
 

at 20 
MeV/nucleon
–

 
20Ne

–
 

40Ar
–

 
84Kr

–
 

129Xe
•

 
All

 
“Contianed”

 
Events

 
with

 
range

 
in Si of

 70um to
 

450 um

•
 

For
 

DD tests
 

protons
 

of
 

20-to-60 MeV



SIRAD 2009, Behcet Alpat, INFN Sezione di Perugia
11

DosimetryDosimetry  System System FeaturesFeatures
•

 

Thin

 

scintillator (50 and 100 um)

 

is

 

to

 

obtain

 

a circular

 

beam

 

spot  and for

 

the online 
fluence

 

measurement

 

>99 % efficiency

•

 

Motorized

 

stage

 

with

 

submicron

 

accuracy

 

of

 

position repeatability

 

(X,Y max

 

20 cm 
and Z max

 

30 cm). The rotator

 

for

 

measuremnts

 

with

 

theta

 

angle up 60 degrees. 

•

 

1.5 mm thick

 

double

 

sided

 

microstrip detector

 

with

 

170 um

 

spatial

 

resolution.

–

 

All

 

the selected

 

ions

 

are stopping

 

inside hence

 

calorimetric

 

measurements

–

 

To

 

localize

 

and measure

 

the beam

 

spot (3-D profile

 

of

 

the beam

 

is

 

obtained);

•

 

Each

 

event

 

is

–

 

time

 

tagged

 

with

 

125 ns

 

resolution

–

 

Energy tagged

 

through

 

dE/dX

 

measurements

 

in silicon

•

 

SELDP (Single Event

 

Latchup

 

Detector and Protector)

–

 

Custom module

 

to

 

monitor and count

 

the SEL behaviour

 

of

 

DUT (wide range

 

of

 

DUTs

 

are 
covered)

•

 

Online Monitoring

 

of

 

Environmental

 

parameters

 

(T, RH)
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GEANT4 and FLUKA GEANT4 and FLUKA 
SimulationsSimulations
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CAD design CAD design ofof  LNS LNS SetupSetup
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LNS LNS BeamBeam
 

SETUPSETUP
 MockMock--upup

 
at  MAPRAD at  MAPRAD labslabs

 (March 2009)(March 2009)
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LNS LNS BeamBeam
 

SETUP SETUP 
((AprilApril

 
2009)2009)



Software for
 

Monitoring
 

OnLine
Diviso in diverse aree:

Random

 

data

Real

 

data

Timing

Beam

 

profile

Protoni

Cm 244 collimata
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FromFrom
 

G4 Montecarlo, Standard G4 Montecarlo, Standard 
PhysicsPhysics, , ChargeCharge

 
DistributionsDistributions

 
forfor

 4040Ar, air2=10,15,20,25 cmAr, air2=10,15,20,25 cm
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FromFrom
 

LNS LNS datasetdataset, , ChargeCharge
 

DistributionsDistributions
 

forfor
 

4040Ar, air2=10,15,20,25 Ar, air2=10,15,20,25 

cmcm
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G4G4--toto--Data/Data/ChargeCharge--toto--  EnergyEnergy  ConversionsConversions  (1)(1)
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G4G4--toto--Data/Data/ChargeCharge--toto--  EnergyEnergy  ConversionsConversions  (2)(2)
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ErrorError  EvaluationEvaluation  (1) (1) 
•

 
The systematic

 
errors

 
contributing

 
to

 
the overall

 
error

 
on LET and 

Fluence
 

values
 

are;

–
 

Error on LET Value
•

 

Distance

 

meauserements

 

(air thickness). 
–

 

This

 

is

 

done

 

with

 

200 um

 

accuracy

 

laser system only

 

once during

 

the initial

 calibration

 

phase. All

 

other

 

positions

 

are relative to

 

that

 

point

 

with

 

submicron

 precision

 

4-D stage (X,Y,Z, Theta)

•

 

Fragmentation

 

(i.e.  <10-4

 

per 40Ar at 15 cm air)
–

 

Simulations

 

with

 

BinaryLightIoncascade and G4wilsonAbrasionModel 

•

 

Determination

 

of

 

energy

 

deposited

 

and Range

 

in DUT 
–

 

Deposited

 

charge

 

in silicon; from

 

data

–

 

Deposited

 

energy

 

and range

 

in silicon; from

 

G4 simulation

–

 

Charge-to-Energy

 

Conversion
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ErrorError  EvaluationEvaluation  (2)(2)
•

 
The systematic

 
errors

 
contributing

 
to

 
the overall

 error
 

on LET and Fluence
 

values
 

are (cnt’d);
–

 
Error on Fluence Value

•
 

Positioning
 

of
 

beam
 

spot center to
 

the center of
 

DUT
–

 
This

 
is

 
done

 
through

 
positioning

 
of

 
beam

 
spot first on double

 sided
 

thick
 

silicon
 

with
 

170 um
 

spatial
 

resolution. Then
 

it
 

is
 shifted

 
on to

 
DUT center (the DUT reference

 
crosses

 
wrt

 
to

 Silicon
 

reference
 

crosses
 

are measured
 

once during
 

the initial
 calibration

 
phase)

•
 

Fluence
 

measurement
 

from
 

thin
 

scintillator and from
 

silicon
 detector
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OverallOverall  ErrorError  EstimationEstimation  on LET on LET valuesvalues
With

 
average

 
trigger 

efficiency
 

of
 

~88 %
Ion/LET 

(MeV/mg/cm2) 
Error on 

LET 
(MeV/mg/ 
cm2) 

Neon-20/3.7 0.1 

Argon-40/13.13 0.2 

Krypton-84/30.6 0.7 

Xenon-129/52.9 0.8 
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SEU Monitor (ESA/ESTEC)SEU Monitor (ESA/ESTEC)

Reference: R.Harboe-Sorensen,  et

 

al., 
RADECS2005 Proceedings
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SEU Monitor and LNS SiteSEU Monitor and LNS Site
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On Site Report On Site Report PreparationPreparation  --  ProcessProcess  Flow Flow --
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DisplacementDisplacement  DamageDamage  at LNS at LNS 
withwith  SiPMsSiPMs  (1) (1) 

•
 

58 MeV
 

Protons



SIRAD 2009, Behcet Alpat, INFN Sezione di Perugia
29

DisplacementDisplacement  DamageDamage  at LNS at LNS 
withwith  SiPMsSiPMs  (2)(2)
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FewFew  SamplesSamples  DUTsDUTs  TestedTested  at at 
LNSLNS

Device  Manufacturer Application Technology Power 
Supply

Data 
Rate 

Data 
Storage 

CC1020 CHIPCON Transceiver RF 
400-940 MHz 

CMOS 
0.35um 

3.3V 153.6kbit - 

AT45DB321CTI ATMEL Flash RAM - 3.3V 40Mbit 4.3MB 
EX128TQ100 ACTEL FPGA CMOS 

0.22um 
3.3-5V - 10k 

gates 
FM20L08 RAMTRON Ferroelectric 

RAM 
- 3.3V 33MHz 1Mbit 

PIC 18F8680 MICROCHIP Microcontroller - 5V 40MHz 64kb 
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•
 

LNS SEE Test Sessions (Nov-Dic 2006)
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SEU Test Flow SEU Test Flow DiagramDiagram, , 
XSectionXSection

 
vs LET vs LET 

((ionsions/laser)/laser)
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